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Carbon isotope (δ13C) stratigraphy of marine carbonates is a useful tool for stratigraphic correlation and 
potentially for understanding the development of Earth’s climate, evolution of its biota, and CO2 levels in the 
atmosphere. Currently, the δ13C stratigraphy is well investigated and established for the lowermost and the 
uppermost Triassic intervals due to the many studies of the Permian–Triassic and the Triassic–Jurassic mass 
extinction events. The Triassic period (252–201 million years ago) is of central importance in terms of the 
origin of modern ecosystems because its onset marks the end of Paleozoic, ended with a series of substantial 
extinctions, and the origin and expansion of modern evolutionary fauna. However, δ13C profiles of the 
intervening Triassic intervals are inconsistent among different studies and regions. The δ13Ccarb excursions 
must be recognized in sections from different parts of the world, and δ13Ccarb chemostratigraphy must be 
carefully scrutinized and integrated into a bio-, magneto- and sequence stratigraphic framework. 
In addition, most research on the Triassic has been undertaken in the Tethyan region (e.g., South China), 
with more limited study of sections on the eastern margin (e.g., western North America) and western margin 
of the Panthalassic Ocean (e.g., New Zealand). These studies have yield highly detailed conodont 
biostratigraphic schemes, providing a framework for paleoecological, sedimentological and geochemical 
research. In contrast, the Panthalassic Ocean covered ~60% of the Earth’s surface during the Early Triassic, 
but the biotic assemblages and sedimentary evolution of these oceanic sediments are poorly documented, and 
their history remains unresolved.  
The remaining marine strata of the Panthalassic Ocean are limited to accretionary terranes in Japan, 
New Zealand, and British Columbia. The remarkable allochthonous blocks of ancient open-ocean biogenic 
sediments in the Chichibu Belt, a Jurassic accretionary complex of Southwest Japan, are an important 
archive of the biotic assemblages and sedimentary evolution of oceanic sediments from the central 
Panthalassa. Such blocks in Taho, Seiyo city, western Shikoku Island, known as the Taho limestone were 
derived from ancient atoll/carbonate buildups or a carbonate platform developed on top of mid-oceanic 
seamount during the Triassic. These limestone blocks contain abundant well-preserved Permian to Triassic 
marine fossils such as ammonoids, gastropods, and conodonts. In contrast to the many existing 
paleontological studies, there is only one chemostratigraphic investigation of the Taho limestone, and this 
result is of low stratigraphic and temporal resolution. 
Another section, the Middle Triassic carbonate platforms extend westwards from the North-Central 
Coast region of Vietnam to the northern Laos, located in the western Panthalassa. In this area, the Trang An 
Landscape Complex carbonates, located near the southern margin of the Red River Delta, are designated a 
UNESCO World Natural Heritage site for their spectacular limestone karst peaks surrounded by steep, 
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almost vertical cliffs. Large volumes of the limestone platforms have been mined for raw materials for 
cement. The lithostratigraphy of the Triassic succession in the region is well established. In addition, 
paleontological studies have been conducted on Middle Triassic ammonoids, bivalves, and foraminifera, 
including species that are age-diagnostic. The Middle Triassic carbonates in this region are key to furthering 
our understanding of the geological development of the Indochina and South China blocks and to 
reconstructing the paleobiogeography of the Paleo-Tethys. Several geological and paleontological studies 
have been conducted on the Middle Triassic carbonates in this region so far because of their importance as a 
tourist attraction and a mineral resource as well as for their scientific interest. However, many of those 
studies are written in Vietnamese and cannot easily be understood by international readers. A thorough 
understanding of the records preserved in such Japanese and Vietnamese sections is essential for any analysis 
of global patterns during the Triassic period. 
The present study focuses on the carbonate succession of Taho Limestone in Southwestern Japan, and 
Hoang Mai Limestone in the North-Central Coast region of Vietnam. The aims of the study are to (i) 
interpret the litho-, bio-, and chemostratigraphy of the Middle Triassic carbonate succession in the 
North-Central Coast region of Vietnam, (ii) provide a new high-resolution Middle Triassic carbon isotope 
stratigraphy that is constrained by foraminiferal biostratigraphy from the Hoang Mai Limestone, (iii) provide 
a new high-resolution Spathian to Aegean (upper Lower to lower Middle Triassic) carbon isotope 
stratigraphy that is constrained by conodont biostratigraphy of the Taho limestone, and (iv) compile Spathian 
to Aegean δ13C profiles from carbonates in other regions/sites of the Tethys and compare them with those 
from the Hoang Mai and Taho Limestone to figure out common secular variations in the δ13C values. This is 
an important step to establish a standard δ13C stratigraphy across the Early and Middle Triassic, for which the 
widely accepted chemostratigraphic frameworks has not been established yet in contrast to other geologic 
ages (e.g., the upper Barremian to the upper Aptian). 
I conducted sedimentological, paleontological, and geochemical analyses on the carbonates of the 
Hoang Mai Formation of Hoang Mai Limestone in Nghe An province, Vietnam. The carbonates consist of 
the following six lithostratigraphic units (from bottom to top): sandy limestone (unit 1), peloidal packstone 
with a microbialite interlayer (unit 2), peloidal packstone and oncoidal floatstone (unit 3), peloidal–bioclastic 
packstone (unit 4), peloidal packstone with variable quantities of bioclasts and microbialite (unit 5), and 
peloidal packstone with variable quantities of bioclasts (unit 6). The sandy nature of unit 1 and of three of the 
interlayers in unit 2 indicates a supply of terrigenous material during the early stages of formation of the 
Hoang Mai carbonate platform. The dominance of carbonates with a fine-grained matrix throughout the 
overlying succession implies a low-energy depositional environment. Common occurrences of dasycladalean 
algae in units 4–6 indicate a back-reef lagoon environment. A total of 24 foraminiferal taxa, including 
Citaella dinarica and C. deformata, were identified. These two age-diagnostic species occur in units 3–6, 
suggesting that this interval is correlated with the Pelsonian and that the lower units (units 1–2) are 
potentially correlated with the Bithynian. Thus, the entire core section can be assigned to the middle Anisian 
(lower Middle Triassic). An assessment of the diagenetic alteration using geochemical parameters indicates 
that the carbonates of the studied succession have not retained their initial strontium (87Sr/86Sr) and oxygen 
(δ18O) isotope compositions. In contrast, the carbonates in the lower (units 1–2) and middle (units 2–5) 
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intervals have retained their initial carbon isotope compositions (δ13C), making them suitable for C isotopic 
analyses. In the lower interval, I observe a slight δ13C-enrichment, followed by a gradual δ13C-depletion 
upwards into the middle interval. The observed trend in δ13C values from the Hoang Mai Formation can be 
correlated with similar trends reported from South China and Romania. Samples within the upper interval 
(units 5–6) of the Vietnamese δ13C profile are relatively δ13C-depleted, which is likely the result of diagenetic 
overprinting. This study provides the first chemostratigraphic data for the Bithynian to Pelsonian in the 
middle Anisian (lower Middle Triassic) carbonates in this region and in the western Panthalassa as well. 
The Taho limestone occurs around Taho, Seiyo City, western Shikoku Island, Japan and consist of upper 
Permian to Upper Triassic carbonates that formed on top of a mid-oceanic seamount in the Panthalassic 
Ocean. The Spathian to Aegean (upper Lower Triassic to lower Middle Triassic) Taho limestone section is 
17.6 m thick and is composed mainly of bedded bioclastic packstone and wackestone, with interlayers of 
bioclastic rudstone that locally contain abundant bivalve and ammonoid shells. I recognize five conodont 
zones in ascending order: the Novispathodus brevissimus, Triassospathodus symmetricus, Triassospathodus 
homeri, Chiosella timorensis, and Neogondolella regalis zones. Thus, the studied carbonate succession is 
Spathian to Aegean in age. A δ13C profile of the Taho Formation shows elevated values during the lowest 
Spathian followed by a gradual negative excursion, a subsequent positive excursion to the Spathian–Aegean 
boundary, and relatively constant values during the Aegean. The characteristic series of negative and positive 
excursions is correlative with a continuous carbonate δ13C record in other areas, including the peak of the 
upper Smithian–lowest Spathian positive excursion (P3), the lower to middle Spathian negative excursion 
(N4), and the middle Spathian–lowest Aegean positive excursion (P4). This is the first reports of continuous 
Spathian to Aegean carbon isotope stratigraphy from the central Panthalassa. 
Without an adequate analysis of such sections, we undervalue their contribution in the interpreting 
paleoenvironment, ultimately leading to an incomplete knowledge for the Triassic. The present study of the 
carbon isotopes stratigraphy, biostratigraphy, and sedimentary facies should provide a useful foundation for 







HA Thuy Thi Nhu は，下部三畳系の上部〜中部三畳系の炭素同位体層序の確立に取り組んだ．
前期三畳紀の後半〜中期三畳紀は，ペルム紀・三畳紀境界の大量絶滅からの回復期である前期三
畳紀の前半や，三畳紀・ジュラ紀境界の大量絶滅へと繋がる後期三畳紀に比べると，先行研究が
極端に少ない時代である．この研究目的達成のために，Ha は，ベトナムの North-Central Coast 

















な研究能力と学識を有することを示している．したがって，HA Thuy Thi Nhu 提出の博士論文は，
博士（理学）の学位論文として合格と認める． 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
